Background: There are no studies on cross-reactivity of betalactams among patients allergic to penicillin, or on the negative predictive value (NPV) of penicillin allergy evaluation from Arabian Gulf countries
Introduction
Betalactam antibiotics, including penicillin, remain the most common cause of drug-induced hypersensitivity reactions. 1 Approximately 10% of patients in the US self-report to be allergic to penicillin, [2] [3] [4] [5] but over 90% of them tolerate penicillin when tested 6, 7 Betalactam allergy is a common concern among allergists, [6] [7] [8] [9] [10] [11] [12] [13] and it is mandatory to have a full drug allergy workup in these patients. 8, [14] [15] [16] Compared with non-allergic patients, those wrongly labeled as allergic to penicillin average 0.59 days in the hospital and present increased rates of increased Clostridium difficile and methicillin-resistant Staphylococcus aureus. 17 Both the American Academy of Allergy Asthma and Immunology (AAAAI) and the European Network for Drug Allergy (ENDA) have published guidelines for the management of hypersensitivity to drugs or betalactams, 8, 14 but unfortunately there are few studies from Arabian Gulf Countries to assess possible regional differences. 13 According to the AAAAI guidelines, drug provocation tests (DPT) are intended for patients who, "after a full evaluation, are unlikely to be allergic to the given drug", 8 while in the ENDA guidelines, 14, 15, 18 the DPT is considered the gold standard for diagnosing drug hypersensitivity reactions ("DPT is still needed to confirm the diagnosis and has to be performed in patients with a suspected drug allergy"). 14 The ENDA guidelines consider DPTs "useful to assess cross-reactivity between different betalactams", and it recommend skin testing followed by a DPT if a penicillin-allergic patient is in need of an alternative betalactam.
The aims of this study are to evaluate the use of alternative betalactams such as carbapenems and cephalosporins in penicillin-allergic patients and to clarify the negative predictive value of full allergy evaluations in an Arabian Gulf country, Kuwait.
Patients and Methods
Al-Rashed Allergy Center is a tertiary public allergy center in the country of Kuwait. Drug allergy cases are referred to our center from all hospitals in Kuwait. Research ethics approval was obtained from the Faculty of Medicine.
An allergy workup was performed on all patients referred to our clinic due to possible hypersensitivity reaction to penicillins from January 2009 to April 2016. Due to cultural reasons, patients with anaphylaxis usually refuse drug testing, and safety is an important feature in Kuwait healthcare environment, so anaphylaxis patients were not included into the full penicillin allergy evaluation due to the increased risk of reactions during skin testing 19 The skin prick test (SPT) and intradermal testing (IDT) were performed with undiluted major determinants, benzylpenicilloyl-polylysine (PPL) (Diater, Madrid, Spain), undiluted minor determinants (MDM) (Diater, Madrid, Spain), 10,000 U/ml Penicillin G (Sandoz Gmb H, Kundl-Astria/Autriche Sanduz), 25 mg/ml Ampicillin (Ampicillin Sodium equivalent to 500 mg Ampicillin activity, Bristol-Myers Squibb, U.S.A), and 25 mg/ml Amoxicillin (Hymox Forte in powder form, Biocheme Spimaco, Saudi Arabia). A concentration of 2 mg/ml was used for the skin testing of all cephalosporins. The positive and negative controls were 10 mg/ml histamine phosphate and saline solution, respectively.
All patients presenting with negative skin testing (ST) followed a single-blinded oral drug provocation test (DPT). For patients recruited before 2013, DPT was performed with 300 mg of phenoxymethyl penicillin in the form of a potassium salt tablet (Ospen, Biocheme Spimaco, Saudi Arabia). For patients recruited after 2013, our unit decided to challenge patients with the culprit drug to increase the sensitivity of testing.
A prospective study from January 2009 to April 2016 was performed on all patients presenting with anaphylaxis as the initial reaction or testing positive to betalactams including ST and DPT to cefuroxime and meropenem or ceftriaxone. The decision was made to provide the patient with one oral and one parenteral broad-spectrum betalactam alternative, available for future treatment. For skin testing, a concentration of 1 mg/ ml was used for meropenem (AstraZeneca, UK) and 2 mg/ml for cefuroxime (Glaxo, Italy) or ceftriaxone (Sandoz, Austria). In patients presenting with negative ST, a DPT with 1 g intravenous meropenem (AstraZeneca, UK) and 500 mg of cefuroxime orally (Glaxo, UK) or ceftriaxone IV at a dose of 2 g (Sandoz, Austria) was used. The DPT starts with a 1/10 dilution, followed by the remaining 9/10 dilution. Patients are instructed to withhold systemic antihistamines for at least 5 days prior to the SPT and systemic corticosteroids for at least 5 weeks prior to DPT. All DPT tests were performed at least 5 weeks after a positive testing. All patients signed an informed consent before testing with notification about the estimated risk from testing. The skin test was read 20 minutes after the application and the results were considered positive if there is a wheal accompanied by erythema 3mm larger than a negative control or a wheal 3 mm larger than the injected papule in IDT. 20 The drug provocation test was performed in a ward by a trained physician with continuous monitoring of vital signs and full access to resuscitation support. 16 DPT was considered negative if there were no signs of a hypersensitivity reaction, defined by the occurrence of cutaneous (urticaria, angioedema, pruritus), respiratory (chest tightness, dyspnea, cough, wheezing, rhinitis), gastrointestinal (nausea, vomit, abdominal cramping, diarrhea), cardiovascular (hypo/hypertension, syncope, tachycardia, chest pain), or neurological (dizziness, disorientation) symptoms or throat tightness after 2 hours of observation. Upon discharge, all patients had full access to the hospital to report any delayed drug reactions. Patients with the following manifestations were excluded from drug evaluation: bullous exanthemas, DRESS, Stevens-Johnson syndrome, acute generalized exanthematous pustulosis and toxic epidermal necrolysis. 8, 14 Patients who were unlikely to receive new betalactam treatment due to severe comorbidities were also excluded. A total of 100 patients presenting to our center for drug allergy evaluation were challenged with a single dose of placebo during a single-blinded situation and monitored for 30 minutes.
A follow-up interview was conducted for the patients who tested negative for betalactam, excluding the ones tested in the prior six months. Patients were contacted by a phone call, up to three times, to inquire about the following:
• Have you taken any drug from the penicillin family since your negative testing at our clinic? No specific names of available betalactams were given to patients.
• If there was no betalactam intake: Why?
• If there was betalactam intake: Did you have any reaction after intake? Patients reporting any reaction were invited to repeat testing at our clinic.
Results
A total of 214 patients were tested for betalactams; the average age was 38.5 years and the F:M ratio was 139:25. Ninety-one (42.5%) patients tested positive to betalactams, and among them, 78 (85.7%) had an initial reaction to penicillin and 13 (14.3%) to cephalosporin (Figure 1) . Among patients presenting with initial reaction to penicillin, 39 (50%) presented with anaphylaxis as initial reaction and 39 (50%) with urticaria. Among urticaria patients, 29 were deemed positive after ST and Out of the 78 patients initially reacting to penicillin, 50 (64.1%) were skin tested, and of those with negative ST, DPT with alternative betalactam was performed. The negative results were as follows: 26 patients received meropenem and cefuroxime, 17 received meropenem alone, 2 received ceftriaxone alone. Five patients presented with positive results as summarized in table 1. Unfortunately, out of the 78 patients who reacted to penicillin, 28 rejected testing, did not complete the full investigation or could not be contacted for testing with the alternative betalactam. (Figure 1) One patient from the control group presented with delayed angioedema on the lips after placebo. Among the 100 patients challenged with placebo, only one presented a reaction that was considered positive. It was found that 5/50 (10%) of the group of patients challenged with alternative betalactams reacted positively with the test compared with only 1/100 (1%) of the control group. This difference was statistically significant, with chi-square=7.031, P=0.008.
Among the 13 patients who tested positive for cephalosporin, 9 (69.2%) presented with anaphylaxis as initial reaction while 4 (30.8%) presented with urticaria. A total of 10 patients were tested for alternative betalactams and all deemed negative with the following results: 6 tolerated DPT with meropenem, 2 with amoxicillin/clavulanic acid, and one with amoxicillin/ clavulanic acid and meropenem. One patient who reacted to ceftriaxone in the past tolerated cefuroxime. 3 (23%) rejected testing, did not complete the full investigation or could not be contacted for testing with the alternative betalactam. (Figure 1) We followed the first 113 patients who tested negative to betalactams by phone. Ten patients were not included due to testing in the prior six months. Two patients reported a reaction following betalactam intake: one patient denied cooperation including data regarding his reaction to betalactams while another presented with urticarial reaction alone. Both rejected the option of retesting. Out of the 40 patients contacted, we found 
Discussion
To our knowledge, this is the first study evaluating the both the patterns of cross-reactivity to alternative betalactams in patients with confirmed penicillin allergies and the NPV for penicillin testing among patients from an Arabian Gulf Country.
Based on the AAAAI practice parameter, 8 patients with a history of penicillin allergy or positive ST should receive carbapenems via graded challenge. On the other hand, ENDA guidelines 14 recommend that alternative betalactam ST is mandatory for patients with a penicillin allergy. If an alternative ST is negative, a full challenge with increasing doses is required. Our patients were challenged on a graded therapeutic dose of the culprit betalactam.
In previous studies, less than 1% of patients with a prior positive ST to penicillin had a positive ST to carbapenems, and all patients with negative ST to carbapenems tolerated the tested dose of carbapenem. [21] [22] [23] [24] [25] [26] In our study, we found a 4.6% cross -reactivity between penicillin and meropenem. This number is higher than prior studies, [21] [22] [23] [24] [25] [26] [27] but our data must be taken with caution as it is the result of only two patients, one of whom presenting with a delayed reaction to DPT.
According to the AAAAI guidelines, ST prior to administration of carbapenems is not advised. In our study, only one patient reacted to meropenem despite negative skin testing, and the reaction was mild.
Rates of cross-reactivity to cephalosporins in confirmed penicillin-allergic patients have decreased since the 1980s from 20% to 2% or less, likely due to the decrease in use of first-generation cephalosporins, which share similar structures with penicillin. 8, 14 The AAAAI practice parameter 8 states that patients with history of Ig-E mediated reaction to penicillin "may receive cephalosporins with minimal concern about an immediate reaction if ST results for penicillin major and minor determinants are negative. " If penicillin ST is positive, cephalosporin ST is recommended, followed by graded challenge or rapid induction of tolerance. However, the ENDA 14 guidelines state that ST with alternative betalactam is mandatory, and if negative, it is advised to challenge with the relevant drug at increasing doses, addressing also that the cross-reactivity seems very rare for delayed reactions. All our patients with a history of allergy to cephalosporin tolerated the challenge with other betalactam agents. Our local center practice is in accordance with the ENDA guidelines.
There is evidence supporting the avoidance of cephalosporin with similar side chains to the culprit penicillin, specifically in the case of amoxicillin and ampicillin, [28] [29] [30] and fatalities have been reported with cephalothin, which shares a similar side chain with penicillin. 31 However, cephalosporin with different side chains can still present cross-reactivity, probably due to common composition shared by both. 8, 14 One of our patients, who tolerated meropenem, reacted to cefuroxime DPT despite a negative ST testing to penicillin (both major and minor determinants). According to the AAAAI guidelines, it is recommended to safely administer cephalosporin with dissimilar side chains in cases of negative minor and major determinants in prior testing, but the reaction presented by our patient was mild.
There are few published studies on the NPV of penicillin testing and none on the follow-up of patients with negative tests. The NPV of a full penicillin evaluation (SPT, IDT, and DPT) in both adults and children is relatively high (92.9-100%). [32] [33] [34] This should reassure doctors to prescribe betalactams even in patients with negative allergic workups.
Our calculated NPV ranged from 88.2 to 100% because two patients who reported to have presented a reaction to betalactams after negative allergy workup rejected further testing in our center, so they could not be confirmed or discarded as allergic betalactams. Our data are similar to previously reported studies. [32] [33] [34] (Table 3) We did not re-challenge our patients, 8, 14, 20, 35 and most of the patients received DPT with a 300 mg phenoxymethyl penicillin tablet for the DPT. 13 No patient attended our clinic with a positive reaction after a negative full allergy evaluation.
Among the 40 patients successfully contacted, 23 (57.5%) did not take betalactams, even if strongly indicated, with 13 (32.5%) of them refusing due to fear, either from the patient or the treating physician. This fear to use betalactams despite negative DPT testing is similar to a previous study from Turkey. 33 We noticed that some of the treating doctors even repeated the test themselves with non-standardized techniques, even though this practice should be strongly avoided. 16 We are aware of some limitations in our study. This is a relatively small study population, and we evaluated patients with only 2 alternative antibiotics, namely meropenem and out that 15 (37.5%) took the medicine without having any reaction, and 23 (52.5%) did not take any betalactam or were unsure about it. Among the 23 patients who did not take any betalactam, 10 (43.4%) patients did not need treatment with betalactams, and 13 (56.5%) did not use betalactams due to either the patient's or treating physician's fear of another allergic reaction ( Table 2) .
cephalosporins. We also admit that a large portion of our tested population was unfortunately lost to follow up. There is a cultural limitation to follow recommendations regarding drug allergies, which could affect the NPV results. It is possible that patients taking a single antibiotic course were "resensitized" years after testing without exhibiting a reaction, although we would have expected more patients presenting with reactions if this were the case. Further studies are needed, including re-challenge cases, to definitively confirm the patterns of re-sensitization in the Arabian Gulf area.
